Competing risk analysis determines the probability of survival and considers competing events. This retrospective study aimed to undertake a competing risk analysis of prognosis in patients with esophageal carcinoma between 2006-2015 using data from the Surveillance, Epidemiology, and End Results (SEER) database.
Background
Worldwide, in 2018 there were 572,000 (3.2%) new cases of esophageal carcinoma, with 508,585 (5.3%) esophageal carcinoma-associated deaths [1] . There are two main histological subtypes of esophageal carcinoma, esophageal adenocarcinoma, and squamous cell carcinoma. Although esophageal squamous cell carcinoma is the main histological type, the epidemiology has recently changed. In Australia, the UK, the USA, and some Western European countries, the incidence of esophageal adenocarcinoma has exceeded esophageal squamous cell carcinoma [2] . In Western countries, the main risk factors for esophageal squamous cell carcinoma are smoking and drinking alcohol, while esophageal adenocarcinoma predominates in high-income countries, with the main risk factors being obesity and chronic gastroesophageal reflux disease (GERD) [3] [4] [5] . Due to advances in imaging technology, advances in surgical techniques, and the development of new chemotherapeutic agents, the survival rate of patients with esophageal carcinoma is expected to increase. However, due to the lack of accurate prognostic indicators to guide clinical practice, the survival rate remains unchanged.
There are several statistical methods used to analyze patient prognosis and survival in epidemiological studies, including Kaplan-Meier regression analysis of survival [6] , the log-rank test for comparing survival curves, and the Cox proportional hazards model for the analysis of multiple factors [7] . Classical survival analysis usually evaluates one endpoint, such as the impact of a risk factor on patient survival. However, clinically, multiple endpoints often coexist [8] , and these endpoints compete with each other to produce competing risk data [9] . In the case of multiple endpoint events, the use of singleendpoint analysis methods will result in bias in the estimated probabilities of the endpoint events due to the existence of competing risks. However, competing risk analysis determines not only the probability of survival but also considers competing events.
Therefore, this retrospective study aimed to undertake a competing risk analysis of prognosis in patients with esophageal carcinoma between 2006-2015 using data from the Surveillance, Epidemiology, and End Results (SEER) database. In this study, the competing risk model calculated the cumulative incidence function (CIF) of events and prognosis. The Cox proportional-hazards model and the cause-specific hazard function (CS) were used to generalize the hazard function for competing risks. The Fine-Gray model was used for multivariate analysis, and prognostic factors were analyzed by comparing the hazard ratio (HR) values between groups.
Material and Methods

Data collection and selection of patients with esophageal carcinoma
Data were collected from the Surveillance, Epidemiology, and End Results (SEER) database of the National Cancer Institute (NCI) [8] . The SEER program collects cancer incidence data from population-based cancer registries that cover approximately 34.6% of the US population [8] . The SEER registries collect data on patient demographics, primary tumor site, tumor morphology, the American Joint Committee on Cancer (AJCC) stage at diagnosis, and the first course of treatment, with patient follow-up [8] .
The SEER registry was searched for all cases of esophageal carcinoma, using the tumor site ICD-9 codes of C15.0 and C15.2-C15.5 for diagnoses between 2006-2015 (N=31,641). There were 16,676 patients who were excluded due to lack of information on race, differentiation grade, AJCC stage, or surgery or radiotherapy status, who did not have primary tumors, and patients whose histology code was not 8140/3 or 8170/3 ( Figure 1 ). All tumors were staged according to the AJCC staging system, version 6. Also, the primary tumor site and morphological codes C15.0 and C15.3 were used to identify tumors located in the upper esophagus, C15.4 was used to identify tumors located in the mid-esophagus, and C15.2 and C15.5 were used to identify tumors located in the lower esophagus [10] . To facilitate the analysis of the competing model according to the SEER cause-specific death classification and vital status recode recorded in the SEER database, all patient followup outcomes were divided into three categories. The three patient categories studied included esophageal cancer-specific 
Statistical analysis
The baseline data were described using numerical counts and percentage values. The cumulative risk rate was estimated using the competing risk model in the single-factor analysis, and Gray's test [11] was used for between-group comparisons. The multifactor analysis used the Fine-Gray model [12] and the cause-specific risk (CS) model [13] to explore the cumulative rate of esophageal carcinoma-specific mortality. Patient data were investigated using a classic survival analysis method to analyze single endpoint events. For single endpoint events, the Kaplan-Meier method was used to estimate the cumulative incidence of events of interest. In single-factor analysis, the log-rank test was used for intergroup comparison, and the Cox proportional risk model was used for multifactor analysis. Data were analyzed using SAS software version 9.4 (SAS Software, Cary, NC, USA) and SPSS version 24.0 software (SPSS Inc., Chicago, IL, USA). A P-value <0.05 was considered to be statistically significant.
Results
Patient characteristics
There were 14,965 patients with esophageal carcinoma identified between 2006-2015 using data from the Surveillance, Epidemiology, and End Results (SEER) database. There were 10,872 patient deaths, including 9,621 patient deaths from esophageal carcinoma, and 1,251 deaths from other events. There were 4,093 patients who were excluded from the study, giving a censoring rate of 27.35%. The patients with esophageal carcinoma were aged between 18-103 years and had a mean age of 65.40 years. In terms of gender, the 12,166 male patients included 7,859 who died from esophageal carcinoma and 1,030 who died from competing events. Among the 2,799 female patients, 1,762 experienced esophageal carcinoma-specific mortality, and 221 died from competing events. The survival period among all patients ranged from 0-119 months, with a median of 10 months (Table 1) .
Univariate analysis
When the patients with esophageal carcinoma were divided into groups with different ages at diagnosis, the cumulative incidence of esophageal carcinoma-specific mortality increased with increasing follow-up time. When the risk of competition existed, the cumulative incidence rates of events of interest at one year, three years, and five years in the two groups of patients were 0.429, 0.669, and 0.718, and 0.490, 0.683, and 0.728, respectively (Table 2, Figure 2A ). In patients with esophageal carcinoma at a different primary tumor site, the cumulative incidence rates of one-year mortality due to esophageal carcinoma-specific mortality in the upper, mid, and lower esophagus were 0.494, 0.511, and 0.444, respectively. The cumulative esophageal carcinoma-specific mortality rate during the follow-up period was the highest in the mid esophagus. The cumulative esophageal carcinoma-specific mortality rate beyond five years was highest in the upper esophagus and lowest in the lower esophagus, indicating the effects of the primary tumor site of esophageal carcinoma. The cumulative incidence rates of esophageal carcinoma-specific mortality were significantly different between the groups (Table 2 , Figure 2C , 2D) (P<0.001). The competing risk (P=0.915) and rate of single endpoint events did not differ significantly with gender (P=0.612) ( Table 2) .
Multivariate analysis
The factors that were statistically significant in the univariate analysis (P<0.05) were introduced into the Cox regression model and the competing risk model for the multivariate analysis.
Variables with a P>0.10 were culled. The Cox proportional hazards model results showed that the independent risk factors for the prognosis of patients with esophageal carcinoma were as follows: an age at diagnosis of >65 years (HR=1.137; 95% CI, In the cause-specific hazard function (CS) model, the independent risk factors for the prognosis of patients with esophageal carcinoma were an age at diagnosis of >65 years (HR=1.088; 95% CI, 1.044-1.134; P<0.001), African-American ethnicity (HR=1.162; 95% CI, 1.081-1.249; P<0.001), primary tumor site in the mid-esophagus (HR=1.160; 95% CI, 1.060-1.270; P<0.0012), primary tumor site in the lower esophagus (HR=1.118; 95% CI, 1.022-1.223; P<0.0151), grade 2 (HR=1.361; 95% CI, 1.227-1.511; P<0.001), grade 3 or 4 (HR=1.756; 95% CI, 1.584-1.948; P<0.001), stage II (HR=1.704; 95% CI, 1.568-1.852; P<0.001), stage III (HR=2.756; 95% CI, 2.540-2.991; P<0.001), stage IV (HR=3.968; 95% CI, 3.667-4.294; P<0.001), no surgery (HR=3.168; 95% CI, 2.989-3.357; P<0.001), no radiotherapy (HR=1.166; 95% CI, 1.113-1.222; P<0.001), and no chemotherapy (HR=2.399; 95% CI, 2.284-2.520; P<0.001).
These findings indicated that the risk factors and stratification of prognostic factors differed significantly between the three models. The results of the analysis are presented in Table 3 .
Discussion
Worldwide, esophageal carcinoma is a significant cause of morbidity and mortality, and the incidence in Western countries has recently risen [1] . Although the management and treatment of patients with esophageal carcinoma have improved, the overall five-year survival rate, of approximately 10%, and the five-year survival rate after surgical resection of between 15-40% are still poor [14] . The high morbidity and mortality rates in patients with esophageal carcinoma highlight the importance of accurate analysis of prognostic factors to improve the survival of patients with esophageal carcinoma. Previous survival analysis methods have only addressed specific outcomes. However, there are often multiple outcome events, each of which competes with the other events. Neglecting the existence of such competition will result in inaccurate calculations of the cumulative mortality when using the classic survival analysis methods, such as the single-factor Kaplan-Meier method [15] , or incorrect estimations of the hazard ratio (HR) values when using multivariate Cox regression analysis. The competing risk model is an analysis method for dealing with competing risk events. Currently, there are two main competing risk models, the cause-specific hazard function (CS) model and the Fine-Gray model. The CS model is suitable for etiological studies [16] , and the Fine-Gray model is suitable for estimating disease risk and prognostic factors [17] . In the present study, using the Cox proportional hazards model and the CS model, age at diagnosis was an independent risk factor for prognosis of esophageal carcinoma (Table 3) . Also, the cumulative incidence of esophageal carcinoma-specific mortality was higher in older age groups ( Table 2 ). In contrast, the Fine-Gray model showed that age was not an independent risk factor for the prognosis of esophageal carcinoma (P=0.069). Previous studies have shown that age did not affect the survival rate of patients with esophageal carcinoma [18] [19] [20] . Wolbers et al. [21] showed that the Fine-Gray model was more suitable for the analysis of clinical prediction models. Therefore, when analyzing survival data, it is necessary to fully consider the possibility of competing risks being present, and then use an appropriate statistical model for the analysis to avoid drawing erroneous conclusions. In terms of racial differences, our analysis of the three models showed that the cumulative esophageal carcinoma-specific mortality rate was higher in patients of African-American ethnicity when compared with Caucasians ( Figure 2B ), which may be associated with socioeconomic factors [22] and lower surgical rates [23] . The results are consistent with a previous study of racial differences in treatments for esophageal cancer [24] , which showed that African-American patients with esophageal carcinoma had a worse prognosis.
In this study, in the multivariate analysis of the primary tumor site, the Cox proportional hazards model showed that locations in the mid esophagus (P<0.001) and the lower esophagus (P=0.002) were independent factors influencing the prognosis of patients with esophageal carcinoma. Similar results were obtained using the CS model (P=0.001 and P=0.015, respectively). In contrast, the Fine-Gray model indicated that locations in the mid esophagus (P=0.095) and the lower esophagus (P=0.340) were not independent factors affecting the prognosis of patients with esophageal carcinoma (Table 3 ). Univariate analysis of the primary tumor site showed no significant difference in the cumulative incidence of esophageal carcinoma-specific mortality at one-year, three-years, and five-years at each site ( Table 2 ). The findings from a previously reported study showed that tumors located in the upper, middle, or lower esophagus were associated with a similar five-year survival rate in patients with esophageal carcinoma [25] . Previous studies have also shown that the tumor location does not affect survival [25, 26] . These studies further confirmed that there were competing risks [25, 26] , indicating that multifactor analysis using the Fine-Gray model is necessary to obtain more reasonable and accurate conclusions.
However, all three models used in this study showed that histological grade (Figure 2E ), American Joint Committee on Cancer (AJCC) stage ( Figure 2F ), and surgery ( Figure 2G ), radiotherapy ( Figure 2H ), and chemotherapy status ( Figure 2I ) were independent factors that influenced the prognosis of patients with esophageal carcinoma. The cumulative incidence for patients with early-stage tumors and esophageal carcinoma-specific mortality was lower for those who received chemotherapy. However, the reverse was true for the long-term cumulative incidence ( Figure 2I ), which may be related to the hematological toxicity of chemotherapy drugs. Hematologic toxicity in chemotherapy may be the reason for the increased incidence of long-term cumulative esophageal carcinoma-specific mortality rates in chemotherapy patients [27] .
The main advantage of the competing risk model was that it directly established the dependency relationship between the incidence of esophageal carcinoma and the covariates, which enabled a better and more intuitive explanation of the covariate effect. The competing risk model realized the standardization of distribution functions of different types of competing risks and avoided overestimating the incidence of outcomes concerned when the impact of competing risks was significant.
This study had several limitations. This study had a retrospective design, and bias in the data selection may have been present. The Surveillance, Epidemiology and End Results (SEER) database lacks descriptions of the specific dose of radiotherapy, and the chemotherapy record does not specify the chemotherapy regimen. Also, the SEER database is a US database, and the findings might not be applicable to other countries and populations.
Conclusions
This study aimed to undertake a competing risk analysis of prognosis in patients with esophageal carcinoma between 2006-2015 using data from the Surveillance, Epidemiology, and End Results (SEER) database. Two survival analysis methods were used to compare the P-value, the cumulative incidence function (CIF), and the cause-specific hazard function (CS) to generalize the hazard function for competing risks. The findings showed that the tumor grade, the American Joint Committee on Cancer (AJCC) stage, and surgery, radiotherapy, and chemotherapy status were independent prognostic factors for patients with esophageal carcinoma. Although the retrospective analysis of data from the SEER database has some limitations, the findings provide useful clinical information.
The study also showed that when competing clinical risks are present, prognostic factors should be analyzed using a competing risk model to calculate the CIF of prognostic factors. Also, the use of the Fine-Gray model may obtain more reliable and clinically applicable results.
